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(54) Sensing arrangement for a muHiievei semiconductor memory device 



(57) A multilevel memory device comprises an array 
of multilevel memory cells (M^j - Mk^. M^^ - M^z) 
arranged in rows (WL, - WLO and columns (BL|, BLJ. 
each memory cell being capable of being programmed 
In m =2" {n > ^) distinct programming states, and a 
sensing arrangement for sensing the memory cells, the 
sensing arrangement comprising at least (m - 1) refer- 
ence columns (BLrejj. BL^e, h) ^ memory cells. The ref- 
erence columns comprises a number of memory cells 
substantially identical to the number of memory cells of 
each column of the array, a smaller number of memory 



cells (MfQf i. M,ref,h) oi each reference column being mul- 
tilevel reference memory cells prograrnmed in a respec- 
tive reference programming state and activatable for 
sinking a respective reference current (Ir,o»'r,i Jr,2). the 
remaining larger number of memory cells of each refer- 
ence column being dummy non-conductive memory 
cells (Mdumr.ii - Mdumr.ki. Mdumr.ih " MdumrjOi) Structurally 
identical to the reference memory cells and to the mem- 
ory cells of the array. 
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Description 

[0001 ] The present Invention relates to multil evel sem- 
iconductor memory devices, particularly multilevel non- 
volatile semiconductor memory devices. More particu- 5 
larly, but not exclusively, the invention relates to multi- 
level non-volatile semiconductor memory devices 
wherein the memory cells comprise MOS transistors 
and the programming of the memory cells is achieved 
by means of a change In the threshold voltage of the io 
MOS transistor. Still more particularly, but not exclu- 
sively, the invention relates to multilevel non-volatile 
memory devices such as EPROMs, EEPROMs. Flash 
EEPROMs, wherein the memory cells comprise float- 
ing-gate MOS transistors. ' is 
[0002] In multilevel, memory devices each memory 
cells can take one among m distinct predetermined pro- 
gramming states. This means, if m = 2", the memory 
ceil can store n = log 2 ni bits of information. Clearly, a 
multilevel memory device with a given area has a mem- 20 
ory capacity much higher than an equivalent bllevel 
memory device of the same area. 
[0003] Conventionally, a non-volatile memory cell of 
the memory cell array or matrix (in the following called 
for the sake of simplicity matrix memory cell) is read (or 25 
"sensed") by comparing the threshold voltage of such a 
memory cell with the threshold voltage of so-called ref- 
erence memory cells shortly, reference cells, properly 
programmed. The reference memory cells are structur- 
ally identical to the matrix menriory cells: this assures a so 
good matching of characteristics between the reference 
and the matrix memory ceils, and improves the preci- 
sion of the matrix cell sensing operation. The~ matrix 
memory cells can take one of m distinct threshold volt- 
age levels; if the threshold voltages of the reference 35 
memory cells are properly set, the comparison between 
the threshold voltage of the matrix memory cells arKl 
that of the reference memory cells univocally provides 
the information corresponding to the data stored in the 
matrix memory cells. 40 
[0004] In the practice, sensing of a given matrix mem- 
ory cell is performed by biasing In substantially identical 
conditions both the matrix memory cell and the refer- 
ence memory cells. This means, the voltages applied to 
the drain, gate, source and bulk terminals of the matrix 45 
memory cell are substantially identical to those applied 
to the respective terminals of the reference memory 
cells. Then, the current sunk by the matrix memory cell 
is compared with the currents sunk by the reference 
memory cells. Given the biasing conditions, there is a so 
one-to-one relatlonsh^ between the threshold voltage 
of a memory cell, be it matrix or reference, and the cur- 
rent sunk by the same; clearly, a higher threshold volt- 
age will correspond to a lower current sunk. 
[0005] In the case of bllevel memory cells, the matrix ss 
cell current, in the predetermined biasing conditions, 
can be either zero (matrix cell programmed so to have a 
high threshold voltage value, programming state 0) or 



substantially equal to a predetermined nominal value 
(matrix cell programmed so to have a low threshold volt- 
age, programming state 1), The reference memory cell 
can be programmed so as to sink, in the predetermined 
biasing conditions, the same current sunk by a matrix 
cell in the 1 programming state. It is thus simple to 
determine, by current comparison, the programming 
state of the matrix cell. And it is also simple to program 
the reference memory cells. 

[0006] In the case of multilevel memory cells with m 
distinct possible values for the threshold voltage, the 
matrix cell current is to be compared with m - 1 properly 
set reference currents. Fig. 1 shows the case of a four- 
level matrix memory cell which can assume four differ- 
ent threshold voltage values, corresponding, in the pre- 
scribed sense biasing conditions., to four matrix cell 
currents lc,o to Ic.s- For each matrix cell current there is 
also indicated the corresponding value of a two-bit dig- 
ital code stored in the matrix memory cell. Ip^ 0 Ir.2 
the three values of the reference cell currents to be 
compared with frie matrix cell current. Advantageously, 
the reference current values fall in the middle of the 
intervals between adjacent matrix cell currents, i.e., ide- 
ally, I R , = 1/2 (1 c j + I , with i « [0; m - 2] . Which- 
ever the programming state of the matrix memory cell, 
comparison of the matrix cell cunrent with the reference 
cell currents provides univocally the information stored 
in the matrix memory cell. By way of example, if the data 
stored in the matrix memory cell is "10". the matrix cell 
ojrrent Iceii is equal to lo,2- "The comparison will give a 
negative result for every reference cell current l^f higher 
than Ip 1, wNle it will give a positive result for every ref- 
erence cell current Irei lower than or equal to Iq ^ ^ s^"^' 
ilar situation occurs for every other possible value of the 
memory cell current Iceii. and for every value of m differ- 
ent from 4. 

[0007] Setting the reference cell cun^ents in the middle 
between adjacent matrix cell Currents provides the best 
margin against data retention degradation and operat- 
ing condition changes. 

[0008] it is to be noted that even if m - 1 distinct refer- 
ence cun-ent values suffice for a correct sensing of the 
data stored in a multiple level memory cell with m dis- 
tinct programming levels, nothing prevents from using 
an additional reference current value, either higher than 
fc,m-i ^ lower than Ic.o (clearly in the case lc,o > 0). or 
even both of said additional reference values, even if 
this is not strictly necessary. 

[0009] Figure 2 shows schematically a sensing 
arrangement for reading multilevel memory cells in a 
memory matrix. This arrangement is dearly a straight- 
forward extension of the conventional sensing arrange- 
ment for bilevel memory cells. In the drawing. BLj is 
representative of one of a plurality of matrix bit lines. M^j 
to Mj^j are multilevel matrix memory cells of the memory 
matrix belonging to the j-th bit Jine BLj. Matrix memory 
cells M^j to M)^j have their drain electrodes connected to 
bit line BLj. WL^ to Wl^^ are the word lines of the mem- 
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ory matrw, and each memory cell of bit line BLj has the 
control gate electrode connected to a respective one of 
word lines WL-, to Wl^. When a word line is selected, its 
voltage Is brought to a prescribed positive value, suita- 
ble for optimizing the sense operation; the remaining 5 
word lines are normally kept at ground. The source 
electrodes of the matrix memory cells are connected to 
a low-lnpedance source line Vs, substantially a voltage 
generator: conventionally, in EPROM devices source 
line Vs is the ground; in Rash EEPROMs Vs is a line 10 
common to all the memory cells of a memory sector, 
and it can be switched between a read voltage (nor- 
mally, ground) and an erase voltage. 
[001 0] A number of rriatrix bit lines are connected to a 
selection circuit 1 which selects one among all the said 15 
number of matrix bit lines connected thereto according 
to address signals not shown. Selection circuit 1 allows 
to connect the selected matrix bit line to a conditioning 
circuit 2 and to a sensing circuit 3. Conventionally, the 
conditioning circuit 2 includes circuits for biasing the 20 
selected bit line, i.e. for biasing the drain electrodes of 
the matrix memory cells connected to the selected bit 
line, as well as preset circuits such as for example pre- 
charge circuits. This is well known to the skilled reader, 
and will not be explained In further detail. 25 
[0011] At the reference side, m - 1 reference bit lines 
of reference memory cells (e.g., 
Mref 11 to Mrof,ki for reference bit line BLrefj) are each one 
connected to a respective selection circuit IR-j to 1 Rm. 
v Selection circuits IR1 to 1Rm.i allow to connect one 30 
of the reference bit lines to a conditioning circuit 2R and 
to the sensing circuit 3. The conditioning circuit 2R per- 
forms similar functions as conditioning circuit 2. 
[0012] Sensing circuit 3 performs the comparison 
between the matrix cell current flowing through the 3s 
selected matrix bit line, and the reference cell current 
flowing through the selected reference bit line. Output 
terminal OUT of the sensing circuit 3 provides the infor- 
mation corresponding to the data stored in the selected 
matrix memory cell sensed. 40 
[0013] Each reference memory cell of a reference bit 
line has the drain electrode connected to the reference 
bit line, the control gate electrode connected to a 
respective one of the word lines WL, - WL^^, and the 
source electrode connected to the source line Vs. This 45 
assures a good matching between the matrix memory 
cells to be sensed and the reference memory cells that 
are used for connparison, since when a matrix memory 
cell of a given word line is to be sensed, reference mem- 
ory cells belonging to the same word line are used. In so 
order to further improve the matching, the reference bit 
lines can be located inside the matrix of memory cells. 
[0014] All the reference memory cells that, such as 
reference memory cells Mref,i to MrQ\y* belong to a 
same reference bit line such as BLreij, are programmed ss 
at the same level. This means, considering for example 
the case of four-level memory cells shown in Fig. 1 , that 
three reference bit lines at least are to be provided, a 



first reference bit line made of reference cells all pro- 
grammed at the level corresponding to current If^^o ^ 
second reference bit line made up of reference cells all 
programmed at the level corresponding to current Irj, 
and a third reference bit line made up of reference ceils 
ail programmed at the level corresponding to current 

[0015] This technique optimize the matching between 
the reference memory cells and the matrix memory 
cells, the reference memory cells are in fact structurally 
Identica! to the matrix, memory cells, are Cheated 
simultaneously with and by means of the same process 
steps as the matrix memory cells and therefore are 
affected by same deviations from ideality. Additionally, 
during the sensing phase, one of the two input terminals 
of the sensing drcuit (comparator) is connected to the 
matrix bit line to which the matrix memory cell to be 
sensed belongs, and the other input terminal is con- 
nected to one of the reference bit lines, not to a single 
reference cell. This assure a pretty good dynamic 
matching, since the capacltlve loads seen by the sens- 
ing circuit at the matrix side are quite the same as those 
seen at the reference side. The whole sensing opera- 
tion, inclusive of the pre-charge phase and the very 
sensing phase, Is therefore optimized. The same bene- 
ficial effects are encountered In the "program verify*" 
step in electrically programmable memory devices, step 
that provides for sensing a programmed matrix cell 
under programming to detect if it has really been pro- 
grammed at the desired level. 

[0016] However, this solution poses some problems 
when applied to multilevel memory cells. Actually, a 
large number of reference memory cells, specifically all 
the reference cells of a given reference bit line, are to be 
programmed at the same programming level The prob: 
lems involved are, from one hand, the lenghty program- 
ming step of all the reference memory cells and, from 
the other hand, the difficulty in precisely programming 
all the reference memory cells of a given reference bit 
line to the very same programming level. The time to be 
dedicated to the programming of the reference memory 
cells increases with the precision of their programming, 
and with the increase of the number of programming 
levels of the matrix cells. 

[0017] Clearly, the use of a single reference memory 
cell In lieu of a whole reference bit line of reference 
memory cells would solve the iabove-mentioned prob- 
lems, but at the expense of a good matching between 
the circuit branch at the memory cell matrix side and the 
circuit branch at the reference menrK)ry cell side. 
[001 8] In view of the state of the art tiescribed; it has 
been an object of the present invention that of providing 
a multilevel memory device suitable for assuring a good 
matching during sensing between the matrix bit line 
containing the memory cell to be sensed and the refer- 
ence bit lines, but at the same time overcoming the 
problems of the conventional ones. 
[0019] According to the present invention, such an 
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object is attained by means of a multilevel memory 
device, comprising an array of multilevel memory cells 
arranged in rows and columns, each nnemory cell being 
capable of being programmed in m =2" (/? > 1) dis- 
tinct programming states, and a sensing arrangement 5 
for sensing the memory cells, the sensing arrangement 
comprising at least (m - 1) reference columns of mem- 
ory cells, characterized in that each one of said refer- 
ence columns comprises a number of memory cells 
substantially identical to the number of memory cells of 10 
each column of the array, a smaller number of memory 
cells of each reference column being rnuttilevel refer- 
ence memory cells programmed in a respective refer- 
ence programming state and activataWe for sinking a 
respective reference current, the remaining larger 75 
number of memory cells of each reference column 
being dummy non-conductive memory cells structurally 
identical to the reference memory cells and to the mem- 
ory cells of the array. 

[0020] The features and advantages of the present 20 
invention will be made apparent by the following ' 
detailed description of some particular embodiments 
thereof. Illustrated by way of non-limiting exanples only 
in the annexed drawings, wherein: 

Figure 1 diagramatically shows a conventional, 
optimum placement of reference levels for the sens- 
ing of four-level memory cells; 
Figure 2 shows a sensing arrangement for a multi- 
level memory device which is a straightforward 3o 
extension of a conventional sensing arrangement 
for bllevel memory cells; 

Figure 3 shows a sensing arrangement for a multi- 
level memory device according to a first embodi- 
ment of the present invention; 35 
Figure 4 shows a sensing arrangement for a multi- 
level memory device according to a second embod- 
iment of the present invention; 
Figure 5 shows a sensing arrangement for a multi- 
level memory device according to a third embodi- 4o 
ment of the present invention; 
Figure 6 shows in top-plan view the layout of a por- 
tion of a memory cell array of the multilevel memory 
device shown in Figure 4; 

Figure 7 shows a schenlatic cross-section along 45 
line VII-VII of Figures; 

Figure 8 shows the same portion of memory cell 
an-ay shown in Figure 6. but obtained by a different 
manufacturing process; 

Figure 9 shows a sensing arrangement for a multi- so 
level memory device according to a fourth embodi- 
ment of the present invention; 
Figure 10 shows a sensing arrangement for a mul- 
tilevel memory device according to a fifth embodi- 
ment of the present invention; and 55 
Figure 1 1 shows a sensing arrangement for a mul- 
tilevel memory device according to a sixth embodi- 
rnent of the present Invention. 



[0021] Referring to Fig. 3, a sensing arrangement for 
a multilevel memory device according to a first embodi- 
ment of the present invention is shown. In the drawing, 
two matrix bit lines BLj, BL^ of multilevel memory cells 
Mij to Mkj and M^^^ to are shown, represeritative of 
a plurality of matrix bit lines of a memory matrix or mem- 
ory sector of the multilevel memory device. Each matrix 
bit line is connected to a respective selection circuit 
such as 1j, I2, operating the selection of the respective 
bit line. The outputs of the selection circuits Ij, 1^ are 
connected to a conditioning drcuit 2 and to a sensing 
circuit 3. Each matrix bit line contains a number of 
matrix multilevel memory cells equal to the number of 
word lines WL^ - WL^ of the memory matrix or memory 
sector. 

[0022] At the reference side, two reference bit lines 
BLfgf i and BLref.h representative of a plurality of m-1 (at 
least) reference bit lines are shown. Each reference bit 
line is connected to a respective selection circuit IRj, 
1 Rh operating the selection of the respective reference 
bit line; selection circuits 1 Rj, 1 R^ are similar to those 
provided for tfie matrix bit lines. The outputs of tiie 
selection circuits 1 Rj. 1 Rj, are supplied to a conditioning 
circuit 2R and to tiie sensing circuit 3. 
[0023] Each reference bit line contains a number of 
dummy memory cells Mcumr.ii - Mdumr.ki and M^^^nOh to 
Mdumr.kh equal to the number of word lines WL^ to Wl^^ 
of the memory matrix or sector. Adcfitionally, each refer- 
ence bit line containis a further reference multilevel 
memory cell Mret j and Mrei,h- The dummy memory cells 
have a drain electrode connected to the respective ref- 
erence bit line, a control gate electrode connected to a 
respective word line WL^. WL|^, but tfieir source elec- 
trode is left floating. Differentiy, the reference menwry 
cell Mrei,i. Mref,h of each reference bit line has a drain 
electrode connected to the respective reference bit line, 
a control gate electrode connected to a reference word 
line Wrof distinct from the matrix word lines WL^ - WL^, ' 
and a source electrode connected to the same source 
line Vs as the source electrodes of the matrix memory 
cells. The dummy memory cells are structurally identical 
to the matrix memory cells and tiie reference memory 
cells. For each reference bit line, tiie respective refer- 
ence memory cell is programmed at a prescribed level 
so that, under the prescribed bias conditions, the cur- 
rent flowing through the reference bit line is that 
required for performing the compariison witii tiie current 
f fowing through the selected matrix bit line; for example, 
in the case of four-level memory cells, as reported in 
Fig. 1 , tiiree reference bit lines are at least necessary, 
and the respective three reference memory cells of 
such reference bit lines will have to be programnbed to 
levels corresponding to the reference current values 
'r.o» Ir,i and Ir^. Differently, the dummy cells of the ref- 
erence bit lines are not to be programmed in any partic- 
ular programming level, since being their source 
electrodes floating the dummy cells will never contribute 
to the current flowing through the respective reference 



4 



3NSDOC1D: <EP 0978844A1_L> 



7 



EP0978 844 A1 



8 



bit line. 

[0024] During the sensing phase, the matrix bit line 
containing the addressed matrix memory cell is 
selected by the respective selection circuit, and it is con- 
nected to the sensing drcuit. Also the matrix word line 5 
containing the addressed matrix memory cell is 
selected. Thus, the addressed memory cell will sink a 
current that depends on the particular programming 
level. 

[0025] The reference word line WL^ef is also selected. io 
and the reference bit lines are connected, one at a time, 
to the sensing circuit 3. The only current flowing through 
the reference bit line is that contributed by the respec- 
tive reference memory cell; in fact, even if the dummy 
cell of the reference bit line having its control gate elec- is 
trode connected to the selected matrix word line will be 
selected, such a dummy cell does not contribute any 
current being its source electrode floating. 
[0026] Clearly, connection of only one reference bit 
line at a time to the sensing circuit 3. that is a so-called 20 
"serial sensing" of the matrix memory cells, is just one , 
of the possible sensing approaches which have been 
proposed in the art for multilevel memory; other 
approaches are for example the parallel and the mixed 
serial-parallel. It is apparent that the present invention 2s 
applies as well to the other sensing approaches not only 
to the serial sensing described for simplicity. 
[0027] If desired, in order to achieve a better matching 
between the matrix memory cells and the reference 
memory cells, the reference bit lines can be placed 30 
Inside the memory nriatrix, adjacent to matrix bit lines. 
[0028] For each reference brt line, the respective ref- 
erence memory cell can be placed anywhere, either at 
the top. or at the bottom of the reference bit line, as well 
as in any other position, such as at the middle of the ref- 35 
erence bit line. 

[0029] It appears that thanks to the present arrange- 
ment, each reference bit line is physically and electri- 
cally substantially identical to a generic matrix bit line. In 
fact, each reference bit line includes substantially the 40 
same number of memory cells as any matrix bit line: the 
mismatch between the matrix bit lines and the reference 
bit lines is 1/k, where k is the number of word lines of the 
memory matrix, i.e. the number of matrix memory cells 
attached to each matrix bit line. Thus, the capacitive 45 
loads seen by the sensing circuit at the reference side 
will be substantially equal to those seen at the matrix 
side. 

[0030] However, compared to the conventional 
arrangement shown in Fig. 2. it is not necessary to pro- so 
gram all of the memory cells connected to a reference 
bit line to a same programming level. Indeed, only the 
reference memory cells Mreij, ^reih are to be pro- 
grammed to the respective programming level, because 
these are the only cells that contribute to the reference ss 
current. 

[0031] Sensing arrangements for multilevel memory 
devices in accordance with a second and third embodi- 



ments of the present invention are shown in Figs. 4 and 
5. In the arrangement of Fig. 4. differently from the pre- 
vious one, a dummy memory cell M«jumj. Mdum.z with 
floating source electrode is additionally connected to 
each matrix bit fine BLj, BL^. The control gate electrodes 
of the dummy memory cells of the matrix bit lines are 
connected to the reference word line WL^ef. In this way. 
the matching between the matrix bit lines and the refer- 
ence bit lines is improved and it is almost perfect, since 
the former includes exactly the same number of mem- 
ory cells as the latter. Clearly, being the source elec- 
trode of the dummy memory cells of the matrix bit lines 
f bating, they do not contribute any current to the matrix 
bit line current.. In the arrangement of Fig. 4 the refer- 
ence memory cells Mref j, M^ef^h attached to the refer- 
ence bit. lines and the dummy memory cells M^iu^j. 
Mjjun,^^ attached to the matrix bit lines are located at one 
end of the matrix and reference bit lines. However, the 
reference mennory cells and the dummy memory cells 
could be located anywhere along the respective bit 
lines. For example, in the arrangement of Fig. 5 the 
dummy memory cells and the reference memory cells 
are located in the middle of the respective bit lines. 
[0032] As an alternative embodiment, for optimizing 
the matching between the matrix bit lines and the refer- 
ence bit lines it is possible, instead of adding a dummy 
memory cell to each matrix bit line, to eliminate one 
dummy memory cell from each reference bit line, so that 
the nurnber of memory cells connected to the matrix bit 
lines and to the reference bit tines is always equal to k. 
[0033] Fig. 6 is a schematic top-plan view of a portion 
of a memory cell array of a multilevel merrrary device 
implementing the sensing arrangement of Fig. 4. Fig. 7 
is a schematic cross-sectional view showing two adja- 
cent matrix memory celts belonging to matrix bit line BLj 
and respectively connected to matrix word lines WLg 
and WL5. However, since the reference memory cells 
and the dummy memory cells ail have identical struc- 
ture. Fig. 7 can be though to refer to any pair of adjacent 
cells in the memory cell array or in the reference bit 
lines. 

[0034] In Fig. 6, two matrix bit lines BLj and BL2 and 
two reference bit lines BL^eg and BLref.h are shown, rep- 
resentative of all the matrix bit lines and reference bit 
lines, respectively. The bit lines, shown in dashed lines, 
are made of metal and run parallely to each other. Also 
shown in Fig. 6 are portions of five word lines WLg to 
WLe. and the reference word line WLfef. The word lines 
and the reference word line are strips made of an upiper 
polysilicon level, and run substantially parallely to each 
other in the orthogonal direction compared to that of the 
bit lines. The word lines form the control gate electrodes 
of the memory cells. Where the word lines cross the bit 
lines, under the word lines floating gate electrodes FG 
made of a lower polysilicon layer are provided. 
[0035] Between alternate pairs of word lines (e.g.. 
between word lines WL^ and WLb. WL^ and WL^, WLg 
and WLref) the bit lines contact N+ regions 10 forming a 
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common drain region for the pairs of adjacent ceils. 
Each cell also have an N+ source region 1 1 which is 
merged to a respective N+ source line 12 running paral- 
lely to the word lines. A plurality of N+ source lines 12 
are provided, among alternate pairs of word lines (e.g.. 5 
word lines WLb and WL^. WLd and -WLg, etc.). Metal 
source lines Vs running parallely to the bit lines are 
interspersed among the bit lines, e.g. one metal source 
line Vs every N bit lines with N normally equal to 16 or 
32. The metal source lines Vs contact the N+ source w 
lines 1 2 to bias the latter. 

[0036] As visible from Fig. 6, in order to Implement the 
sensing arrangement of Fig. 4 ail the dummy memory 
cells Mjjumr (con-esponding to the dummy memory cells 

Mdumr.li. Mdurmr.2i.-a"Cl Mdumr.1h» Hjumr,2h.- P»9. 4) IS 

connected to the reference bit lines BL^eij and BLrefj 
have the source electrodes 1 1 floating; this is achieved 
by interrupting the N+ source lines 12. so that the 
source electrodes 1 1 of the dummy memory cells Mdumr 
are not electrically connected to the metal source lines so 
Vs. The same is for the dummy memory cells Mdumj 
and Mdum.z provided in the matrix bit lines BL| and BL^. 
Instead, the reference memory cells Mref.i and Mref,h 
the reference bit lines BLjefj and BLref,h have the source 
electrodes 1 1 connected to an N+ source line 12 that is 25 
contacted by the metal source lines Vs. 
[0037] Even if the layout of Fig. 6 explicitly refers to the 
sensing arrangement of Fig. 4, it is straightforward for 
the skilled technician to derive a similar layout for the 
other sensing arrangements shown in Figs. 3 and 5. so 
[0038] A known technique for the manufacturing of 
memory cell arrays is that called "Self-Aligned Source" 
(SAS), described for example in US Patent No. 
5,103.274. This technique provides first of all for forming 
over the semiconductor substrate 100 parallel strips of ss 
N+ doped active area, which at the end of the manufac- 
turing process will be located under the metal bit lines. 
The strips of N+ doped active area are separated by 
strips of a thick field oxide. After having defined the word 
lines of the memory cell array, a photolithographic step 40 
using a mask called SAS mask is applied to the memory 
cell array: the SAS mask defines strips (referred to as 
SAS regions or SAS windows) perpendicular to the 
strips of field oxide, corresponding to those strips that, 
at the end of the process, will be the N+ source lines. An 45 
etching process is then performed for removing the field 
oxide along such predefined strips, i.e. the SAS win- 
dows. After this photdstographic step, an N type dopant 
is implanted into these predefined strips to form the N+ 
source lines of the memory cells. so 
[0039] Figure 8 shows how the conventional SAS 
process can be easily adapted to form a memory cell 
array conformal to the one shown in Rg. 6. i.e. a mem- 
ory cell array implementing the sensing arrangements 
according to the present invention. 55 
[0040] Fig. 8 shows the same portion of memory cell 
array shown in Fig. 6. but obtained by a different manu- 
facturing process . For the sake of clarity, in Fig. 8 the 
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SAS windows have been highlighted. The conventional 
SAS photolithographic mask is modified to provide the 
results shown in. Fig. 8. Instead of having continuous 
windows in the SAS mask extending substantially along 
the whole matrix parallely to the word lines, windows 30 
in the SAS mask are only provided where it Is desired to 
form the N+ source lines 12 shown in Fig. 6, i.e. for 
those menrK>ry cells that shall have their source elec- 
trode 1 1 connected to the metal source lines Vs. During 
the following etching step, field oxide regions 50 at both 
sides of the source region of the dummy memory cells 
are not removed. Then, an N type dopant is implanted 
to form the N+ source regions of the memory cells; how- 
ever, as far as the dummy memory cells are concerned, 
their source regions will remain isolated due to the pres- 
ence at both sides thereof of the field oxide regions, 
masking the underlying semiconductor substrate from 
the implanted dopant. This occurs for all the dummy 
cells, i.e., both for the dummy cells belonging to the 
matrix memory bit lines and for the dummy cells belong- 
ing to the reference bit lines. 

[0041 ] Figs. 9, 10 and 1 1 shows sensing arrangement 
for multilevel memory devices conesponding to alterna- 
tive embodiments of those depicted in Figs. 3. 4 and 5. 
respectively. 

[0042] Specifically, in Fig. 9, that conresponds to Fig. 
3, a sensing arrangement is shown wherein the dummy 
memory cells of the reference bit lines are replaced by 
memory cells MdHV.ij ' MdHVpid HiHV.ih * Mc}HV,kh 
that instead of having their source electrodes floating, 
are programmed at a level corresporKling to a threshold 
voltage sufficiently high to make such cells non-conduc- 
tive at the voltage levels normally applied to the 
selected word lines WL^ - Wl^^. 
[0043] Rg. 10. corresponding to Rg. 4, similarly 
shows how not only the dummy memory cells of the ref- 
erence bit lines are memory cells programmed to have 
a high threshold voltage, as in Fig. 9. but also the 
dummy cells attached to the matrix bit lines In order to 
optimize the matching with the reference bit lines are 
replaced by memory cells MdVHj* MdvH,2 having their 
source electrodes connected to the source line Vs, but 
however programmed at a level sufficiently high to make 
such cells non-conductive at the normal voltage levels 
applied to the word line WL^ef selection of the ref- 
erence memory cells Mroih Mref,h reference bit 
lines. 

[0044] Similarly. Fig. 11 shows tiie same sensing 
anBngement of Fig. 10. but with the real reference 
memory cells Mrefj. MreiM ^® high-threshold volt- 
age cells of the matrix bit lines located at a different 
position inside the bit lines, e.g. in the middle thereof, 
instead at one end. 

[0045] The alternative embodiments shown in Figs. 9, 
1 0 and 1 1 are simpler, from the layout point of view, than 
their counterparts of Figs. 3. 4 and 5. respectively. In 
fact, for tiie implementation of the sensing an-ange- 
ments of Figs, 3, 4 and 5 it is necessary, as explained 
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above, to modify the layout of the memory cell array, so 
as to leave the source electrodes of the dummy memory 
cells floating. Instead, the embodiments of Figs. 9, 10 
and 1 1 do not require any layout modification, but only a 
suitable programming of those memory cells that are to 
be always non-conductive, so as to rise the threshold 
voltage thereof. This programming step is to be per- 
formed before the programming step of the reference 
memory cells. 

[0046] All the above-described embodiments allow to 
simply obtain a good matching between the matrix bit 
lines and the reference bit lines, but without the need of 
accurately, programming quite a large number of refer- 
ence memory cells, as instead required by the sensing 
arrangements according to the prior art. 
[0047] The area overhead Introduced by the sensing 
arrangements according to the invention is quite small: 
Lefs consider for example the case of a memory device 
with a memory matrix divided in blocks. Let's also sup- 
pose that it is desired to introduce a group of reference 
bit lines in every block: this situation is the most expen- 
sive in terms of device area, but nonetheless it is the 
one assuring the best matching between the matrix bit 
lines and the reference bit lines. If the reference bit lines 
were absent, one source metal line Vs every 16 or 32 
matrix bit lines would normally be provided. The layout 
arrangement would be the following: one source metal 
line Vs. 16 or 32 matrix bit lines, one source metal line, 
etc. When the (m - 1) reference bit lines are inserted, a 
good arrangement could be the following: one source 
metal line Vs. 16 or 32 matrix bit lines, one source metal 
line Vs, 16 or 32 matrix bit lines.. ..one source metal line 
Vs. (m - 1) reference bit lines, one source metal line Vs. 
1 6 or 32 matrix bit lines, etc. In this way, the memory cell 
array is substantially not altered from the electrical view- 
point, since the distance between the source electrode 
of the matrix cells and the source metal line does not 
change. It appears that the overhead Is only given by 
one additional source metal line Vs and (m - 1) refer- 
ence bit lines for each block of the memory array. 
[0048] No area overhead at all is instead introduced 
by using the sensing arrangements of Figures 9. 1 0 and 
11. which only require a proper programming of the 
dummy cells. 

[0049] In the previous description, reference has been 
made for simplicity to a memory cell array whh memory 
cells having source electrodes connected to a common 
source line Vs, However, it is clear and evident that the 
present invention applies as well to memory devices 
having the memory cell array divided in memory sec- 
tors, such as sectorized Flash EEPROMs: as known, in 
this case only the memory cells belonging to a same 
memory sector have the source electrodes connected 
to each other, and to a respective memory sector 
source line distinct from those of the other memory sec- 
tors. Thus, all the drawings and the related description 
can be straightforwardly extended to a sectorized mem- 
ory device, simply by considering source line Vs as a 



memory sector source line. 
Claims 

5 1. Multilevel memory device, comprising an array of 
multilevel memory cells (M^j - M^j, M^^ - M^z) 
arranged in rows (WLi - WLk) and columns (BLj, 
BLJ. each memory cell being capable of being pro- 
grammed in m = 2 " (a? > 1) distinct programming 

10 states, and a sensing arrangement for sensing the 
menrx)ry cells, the sensing arrangement comprising 
at least (m -1) reference columns (BL^ef BL^ef h) of 
memory cells, characterized in that each one of 
said reference columns comprises a number of 

IS memory ceils substantially identical to the number 
of memory cells of each column of the array, a 
smaller number of memory cells {^rei.h t^rei,\0 of 
each reference column being multilevel reference 
memory cells programmed in a respective refer- 

20 ence programming state and activatable for sinking 
a respective reference current (Ir q. 'r.l *r.2). 
remaining larger number of memory cells of each 
reference column being dummy non-conductive 

memory cells (Mdumr.li - Mdumr,ki. Mdumr.lh - 

Hjumr.kh) Structurally identical to the reference 
memory cells and to the memory cells of the anray. 



Multilevel memory device according to claim 1, 
characterized in that said smaller number of mem- 
ory cells of each i-eference column conprises one 
reference memory cell (Mret > ^rei^h)- 



30 



3S 



40 



45 



Multilevel memory device according to claim 2, 
characterized in that the dummy non-conductive 
memory cells (Mdumr,li - Mdumr.ki. Mdumr.lh - 
'^dumr.kh) of the reference columns are each one 
connected to a respective one of the rows (WLi - 
WL^) of the array, while the reference memory cells 
(Mref,i, Mref.h) are connected to a reference row fine 
(WLrei) activatable for activating the reference 
memory cells. 

Multilevel memory device according to claim 3, 
characterized in that the reference memory cells 
(Mref j. MfQ, h) located at one end of the respec- 
tive reference column (BLrefj.BLfof h). 



5. Multilevel memory device according to claim 3, 
characterized in that the reference memory cells 
('^ret,i»Mref,h) ^^e located among the dummy mem- 
ory cells (Mdumr.li - Mdumr.kl. ^umr^h " ^dumrM^ Oi 
the respective reference column (BLrgf i.BLref jj, 
particularly in the middle of the respective reference 
column. 

55 

6. Multilevel memory device according to any one of 
claims 3 to 5, characterized in that each one of sakJ 
columns {BLj,BL2) of the array comprises. In addi- 
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tlon to the respective multilevel memory cells (M^j - with voltages normally used in sensing operations. 

Mkj.Mix - M|^), an additional dummy non-conduc- 
tive memory cell (Mcjum,j.Mdum,z). so that the col- 
umns of the array comprise a number of memory ^ 
cells exactly equal to the number of memory cells of s 
the referience columns (BLro{j,BLr«f,h)- 

7. Multilevel memory device according to claim 6, 
characterized in that the dummy memory cells 
(Mdumj.Mdum.h) of the columns {BL|.BLz) of the 70 
array are connected to said reference row line 

8. Multilevel memory device according to any one of 
the preceding claims, characterized in that said ret- ts 
erence columns (Bl^et.i.BL^ef^h) are located inside 
the array of multilevel memory cells. 

9. Multilevel memory device according to any one of 
the preceding claims, characterized in that the mul- so 
tilevel memory cells (M^j - M^j. M-j^ - M^z), the 
dummy memory cells (Mdumr.iii " '^umr.ki. Mdumr.ih 

- Mdumr^; l^um j.Mdum.h) and the reference mem- 
ory cells (Mref,i.Mref,h) Comprise MOS transistors 
having a drain electrode connected to the respec- 25 
tive column or reference column, a control elec- 
trode connected to a respective row or reference 
row line, and a source electrode. 

10. Multilevel memory device according to claim 9. so 
characterized in that the source electrodes of the 
memory cells (Mij - Mkj. Mi2 - Mkz) and of the refer- 
ence memory cells (M^f j.Mref,h) are connected to a 
common source line (Vs). 

35 

11. Multilevel memory device according to claim 9, 
characterized in that said array of multilevel mem- 
ory cells comprises at least two memory sectors, 
the source electrodes of the memory cells and of 
the reference memory cells of one memory sector 40 
being connected to a common sector source line 
distinct from a sector source line of the other mem- 
ory sectors. 

12. Multilevel memory device according to claim 10 or 4$ 
1 1 , characterized in that the source electrode of the 

dummy memory cells (Mdumr.ii - Mdumr,ki. Mdumr.ih - 
l^dumr.kh; MdumJ.^^um.h) are electrically floating, to 
hriake the dummy memory cells non-conductive. 

13. Multilevel memory device according to claim 10 or 
1 1 . characterized in that the source electrode of the 

dummy memory cells (Mdumr.li -Miumrju. ^\iumr,1h - 

Mdumr,kj; Mdum j.Mdum.h) 'S connected to said source 
line (Vs), and the dummy memory cells are pro- ss 
grammed at a programming state suitable for mak- 
ing the dummy cells non-conductive when their 
control electrode and drain electrode are biased 
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